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Abstract

The spreading processes within the West Philippine Basin (WPB) remain partly unknown. This study presents an
analysis of the tectono-magmatic processes that happened along its spreading axis during the conclusion of the last
spreading phase at 33/30 Ma. We demonstrate that the late episode of N^S opening from an E^W-trending spreading
system has been followed by a late tectonic event occurring in the central and eastern parts of the basin. This event
was responsible for transtensional strain accommodated along the NW^SE faults cutting through the former E^W rift
valley in the central part of the basin. In its eastern part, the same event occurred at a larger extent and led to the
creation of a new NW^SE axis, obliquely cutting the older E^W spreading segments and their associated spreading
fabrics. At this location, several tens of kilometers of slightly oblique amagmatic extension occurred following a V60‡
direction. We propose that this late event is associated with the onset of E^W opening of the Parece-Vela Basin
located along the eastern border of the WPB at 30 Ma. Extensive stresses within this basin were probably transmitted
to the hot and easily deformable rift zone of the WPB. The newly-created NW^SE axis most likely propagated from
east to west, being responsible for scissors opening within the WPB. NE^SW extension ceased when well-organized
spreading started at 26 Ma in Parece-Vela Basin, accommodating entirely the global extensive stress pattern.
; 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The West Philippine Basin (WPB) is a currently
inactive marginal basin belonging to the Philip-

pine Sea Plate. The most recent model proposed
for the spreading processes within the basin is
from Hilde and Lee [1]. These authors analyzed
magnetic anomalies and sea£oor structures to
propose a formation of the basin during two
phases of spreading (Fig. 1). The ¢rst one prob-
ably occurred following a NE^SW direction be-
tween 58 and 45 Ma, and was followed by a sec-
ond N^S episode along E^W-oriented spreading
segments between 45 and 33 Ma, date of cessation
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Fig. 1. Shaded contour view of the West Philippine Basin. Isocontour every 200 m. Major sea£oor features of basin are labeled.
White boxes indicate the locations of Figs. 2 and 3. Magnetic anomalies identi¢ed by Hilde and Lee [1] are shown.
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of the spreading. Both episodes are believed to
have occurred from a unique spreading axis that
underwent a counter-clockwise reorientation and
segmentation at 45 Ma. According to this model,
the Benham and Urdaneta plateaus were formed
by an excess of volcanism at the WPB spreading
axis, due to the presence of a mantle plume in the
western part of the basin during its opening. Con-
cerning the global evolution of the Philippine Sea
Plate, the most recent models are proposed by
Hall [2] and Deschamps and Lallemand [3].

More recently, spreading processes within the
WPB were revisited in the light of recent data
collected in the basin [4^6] (Figs. 1^3). These
studies allow to better de¢ne a new evolution
model of the WPB. They reveal some discrepan-
cies between the former spreading model [1] and
the sea£oor and rift valley morphology:
1. The global NW^SE orientation of the rift val-

ley and bounding scarps is hardly explained by
the last N^S spreading phase that is supposed
to have occurred from an E^W spreading axis.

2. Magnetic anomalies identi¢cation suggests that
spreading ended at 33 Ma [1] (Fig. 1) and 33/
30 Ma [3]. Ages obtained from basalt samples
collected directly within the rift valley range
from 26.1 to 28.1 Ma (Ar/Ar method) [5,6]
(Fig. 3), which is much younger than the age
of the end of spreading deduced from magnetic
anomalies.

3. The bottom of the rift valley is as deep as 7900
m, that is much deeper than other well-known
active or inactive spreading centers.

4. Bathymetric data show that most of the N^S
non-transform discontinuities that stand on
both sides of the rift valley do no face each
other, but are rather dextrally o¡set. We sus-
pect that tectonic and magmatic activity along
the rift valley did not simply resume with the
end of the N^S spreading phase, but rather
after another event that occurred in this re-
gion.
Such observations justify to revisit the spread-

ing history of the WPB, speci¢cally the period

before the end of spreading. In this paper we
present detailed sea£oor structures in the vicinity
of the spreading axis. Their study allows us to
analyze the tectonic and magmatic processes
that occurred during the last 100 km of sea£oor
generation in the basin (Fig. 1). Our study focuses
mainly on the central and eastern parts of the
spreading axis, because these areas were not under
the in£uence of the mantle plume that was active
in the western WPB during spreading [3,7]. They
are therefore well suited for a study of the last
events that took place at the WPB spreading
axis. Our study gives evidence of a late and short
stage of VNE^SW amagmatic extension that fol-
lowed the last N^S stage of spreading. This event
explains the abnormal great depth of the rift val-
ley, its atypical orientation as well as other char-
acteristics that we mentioned above.

2. Sea£oor morphology near the spreading axis

Recent geophysical data were acquired in the
vicinity of the WPB fossil spreading axis during
Japanese and French cruises [4,5,8,9]. Between
1998 and 2000, R/V Kairei and R/V Yokosuka
conducted geological and geophysical surveys of
the rift valley during the cruises KR9801,
KR9812, KR9910 and YK0001. Swath bathyme-
try using Sea Beam 2112, magnetic and gravity
data were collected as well as dredges and piston
core samples [5,9,10]. The primary track lines
were NW^SE-oriented, parallel to the general
trend of the spreading axis. These data were
merged with swath bathymetry data from the
R/V L’Atalante, acquired in 1996 and 1997 during
the KAONOUM and DAVAPUS transects. Dur-
ing these transects, a SIMRAD EM12-Dual mul-
tibeam swath-mapping system was used to collect
bathymetric and backscatter data across a maxi-
mum 20 km wide swath of the sea£oor in a single
pass (with 151 beams) [4,8,11]. Magnetic and
gravity data are discussed by Okino et al. [12].
In this paper, we present bathymetric data over

Fig. 2 (Figure overleaf). Shaded bathymetric relief of central West Philippine Basin. Isocontour every 100 m. Nodal basins men-
tioned in text are called NB1, NB2, NB3, and NB4. Corresponding structural map with terminology is shown in Fig. 4.
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Fig. 3. Shaded contour bathymetric map of eastern West Philippine Basin. Isocontour every 100 m. FT2: transform fault 2; NTD: non-transform discontinuity;
NB4: possible remnant nodal basin. Corresponding structural map with terminology is shown in Fig. 5. Stars represent dive or dredge sites where igneous rocks
were recovered for dating.
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a 100 km wide strip including the rift valley (Figs.
2 and 3).

2.1. Trend and height of abyssal hills

In the central and eastern parts of the basin,
V95/100‡-trending abyssal hills are well orga-
nized at a distance of 100 km from the fossil rift
valley. They gradually rotate counter-clockwise
when approaching the rift valley, and ¢nally
strike V80/70‡ close to it (Figs. 2^5) [5]. They
are continuous over distances often exceeding 60
km. Far from the spreading axis, their height
varies from 100 to 400 m, and their spacing
ranges from 3 to 8 km (Fig. 6A). Their relief
and spacing increase signi¢cantly when approach-

ing the spreading axis. Close to it, abyssal hills are
500^1200 m high, and the wavelength of crests is
7^11 km (Fig. 6A, B).

2.2. Morphology of ¢rst-order discontinuities

In the central part of the basin, ¢rst-order seg-
mentation of the fossil spreading axis is marked
by the occurrence of two 100-km-spaced, N^S-
trending transform faults (TF) (Figs. 2 and 4).
The westernmost one (FT1) is continuous over
at least 160 km. The rift valley is dextrally o¡set
along the FT1 by 80 R 20 km (Fig. 4). Fujioka et
al. [5] notice that (1) the £oor of the rift valley
deepens and widens when approaching FT1, (2)
small topographic troughs (nodal basins NB1 and
NB2) occur at the ridge^transform intersection
(RTI) [13,14], and (3) large topographic highs,
called inside corner highs, are observed on the
transform side of the rift valley. They deduced
that the morphology of this spreading axis is
characteristic of a slow spreading axis as de-
scribed by Blackman and Forsyth [15] and Bonat-
ti et al. [16]. The easternmost TF (FT2) is ex-
pressed over at least 220 km. The rift valley is
apparently only slightly o¡set by this fault, but
the small triangular-shaped basin that is observed
around 129‡30PE/16‡35PN (NB4) probably repre-
sents a former nodal basin. In this case, the initial
dextral o¡set of the axial rift valley is 70 R 30 km.

2.2.1. FT2 morphology
The fault FT2 is well marked in morphology

(Figs. 2 and 4). Its northern segment displays a
general N^S trend. It consists of a west-facing
escarpment that can be divided into two segments
(A and B) based on orientation and morpholog-
ical criteria (Fig. 4). The sea£oor roughness varies
on both sides of the northern part of FT2. At
18‡N, for example, the sea£oor is relatively
smooth east of the fault, with abyssal hills having
a 40^200 m relief and an average 4 km spacing
(Fig. 6A), whereas west of FT2 the sea bottom
looks rougher with 400^800-m-high abyssal hills
(up to 1 km) that are 9 km spaced in average (Fig.
6B).

Segment A of FT2 is linear and trends V10‡,
remaining strictly perpendicular to the surround-

Fig. 4. Structural map of the central basin. FT1: transform
fault 1; FT2: transform fault 2; NB1, NB2, NB3: nodal ba-
sins de¢ned by the deepening of the rift valley when ap-
proaching the transform fault; NB4: possible remnant nodal
basin. Hachured lines indicate main fault scarps. Dashed
dark heavy line corresponds to the location of the bathymet-
ric pro¢le B shown in Fig. 6.
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ing V100‡ spreading fabric. This suggests that
the spreading axis was V100‡-trending and rela-
tively stable at the time of FT2 (segment A) ac-
tivity. Stability of the axis during this period is
con¢rmed by the observation of a V100‡-trend-
ing, well-organized spreading fabric over a large
area (at least 1700 km2) in the northern part of
the WPB, up to 18‡30PN [7]. Segment A of FT2 is
a 100^200-m-high west-facing escarpment. Its
height diminishes to the north but due to limited
detailed data, its northward extension remains un-
known. 6^7 km away from the FT2, the sea bot-
tom displays similar depths on both sides (5600 m
in average) (Fig. 2). This led us to suppose that
the sea£oor has about the same age on both sides

of the fault, and that its o¡set along FT2 is there-
fore quasi-negligible. This appears consistent with
the low (70 R 30 km) o¡set value that we estimate
from the location of the nodal basins NB3 and
NB4 (Fig. 2). We suggest that the di¡erence in
depth close to FT2 does not re£ect a di¡erence
in age between both sea£oors, but rather the pres-
ence of a thinner oceanic crust at the foot of the
scarp as commonly observed in the vicinity of
TFs and FZs. The amount of magma is indeed
generally reduced at the ends of ridge segments
near a TF, since it stands far from the locus of
mantle upwelling (e.g. [17,18]). The identi¢cation
of magnetic anomalies [1,3] shows that, when the
northern part of FT2 was active, the spreading

Fig. 5. Structural map of the eastern part of the basin. NB4: possible relic of nodal basin; NTD: non-transform discontinuity.
Hachured lines indicate main fault scarps. Dashed dark heavy line indicates the location of bathymetric pro¢le A shown in Fig.
6. Letters a, b, and c indicate some of the locations where NW^SE faults closely associated with the rift valley clearly cut across
the former V80‡-oriented spreading fabric.
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rate was intermediate with a half-rate of 4 cm/yr,
which means that the di¡erence in age on both
sides of the FT2 should be only V2 Ma consid-
ering a dextral o¡set of 70 km. This con¢rms that
the scarp observed along the northern part of FT2
is not due to the age di¡erence across the fault
because it is too small to induce signi¢cant di¡er-
ences in the thermal evolution of both sides of the
FZ.

Segment B of FT2 is linear and trends V170‡
(Figs. 2 and 4). As segment A, it faces west but is
much higher (up to V1300 m). The presence of a
discrete V700-m-high transverse ridge forming
the eastern wall of the TF valley suggests a local-
ized deformation resulting from changes in the
spreading system. From the study of the Mid-At-
lantic Ridge between 21 and 24‡N, Pockalny et al.
(1996) [19] demonstrate that a clockwise change in
spreading direction near a large-o¡set, right-step-
ping TF is able to account for the presence of
transverse ridges. These ridges result from minor
extension (6 5 km) along low-angle (6 45‡) nor-
mal faults. Conversely, when a spreading axis
undergoes a counter-clockwise reorientation, an
active right-stepping TF experiences a compres-
sive deformation during a short time before a
new transform fault is created perpendicular to
the newly-oriented spreading segment. This phe-
nomenon is generally the cause for the uplift of
a compressive transverse ridge similar to the one
that we observe along segment B (e.g. [20^24]).
The spreading fabric that is located north of this
ridge trends V100‡ (see above) whereas it trends

V90/80‡ more to the south, suggesting such a
progressive counter-clockwise reorientation of
the spreading axis during spreading (Figs. 2 and 4).

The segment of FT2 that is located south of the
spreading axis consists in a V5‡ east-facing es-
carpment. The height of this scarp culminates
V1300 m above the relic of the nodal basin
NB4 (at 129‡30PE/16‡35PN). West of the scarp,
the spreading fabric trends V100‡ and progres-
sively turns to a V80‡ orientation when ap-
proaching the rift valley, suggesting a counter-
clockwise rotation of the spreading axis, which
is consistent with former observations of the
northern segment of FT2.

When approaching FT2, abyssal hills suddenly
turn southwards to the south of 16‡30PN, but
northwards to the north of this latitude. Such a
curvature of spreading fabric close to a TF is
common and is due to a change of the stress pat-
tern near the fault (e.g. [13,25,26,27]). However, if
the southward curvature of hills is consistent with
a shear couple due to a retarded plate motion
along the transform [28], their northward curva-
ture north of 16‡30PN is unusual. Such inconsis-
tencies in hill curvatures are observed near Bul-
lard and Clipperton TFs and are the result of a
counter-clockwise rotation of a right-stepping
spreading axis that causes the formation of a
shear couple leading to the rotation of abyssal
hills [28,29]. Along the southern segment of
FT2, the change in the curvature of abyssal hills
coincides with the reorientation of the surround-
ing spreading fabric and con¢rms a counter-clock-

Fig. 6. Bathymetric pro¢les perpendicular to the spreading fabric located north of the rift valley. Locations of pro¢les in Figs. 4
and 5.
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wise rotation of the spreading axis about 50 km
before the end of spreading. The small and nar-
row, 500-m-high ridge forming the western wall of
the transform valley south of 16‡50PN is probably
due to a localized compression resulting from the
rotation of the spreading system. North of this
latitude, the height and the morphology of this
ridge drastically change, which rather suggests a
volcanic origin.

2.2.2. FT1 morphology
The fault FT1 displays a global N^S orienta-

tion. Northward, it trends V10‡W but N^S and
V10‡E toward the south (Figs. 2 and 4). The
westward curvature of the northern segment of
FT1 is due to its interaction with a microplate
that developed immediately to the west. We
ignore this area located west of 128‡10PN since
its development was in£uenced by the presence
of a mantle plume [3,7]. The segment of FT1
that is located south of the spreading axis is char-
acterized by an east-facing escarpment north of
17‡20PN. South of this latitude, the morphology
of the fault zone is subtler. At this location, the
fault trends V10‡ at a right angle with the
spreading fabric, suggesting that spreading oc-
curred from a V100‡-trending spreading segment.
Northward, the fault trends more N^S and the
height of its western wall reaches V2 km above
the nodal basin NB2. The reduced depth of the
sea£oor at this location can be due to an intense
magmatism combined with a compressive defor-
mation related to a reorientation of the spreading
axis. The spreading system indeed most likely
underwent a counter-clockwise reorientation
from a V100‡ to a V80‡ trend during the end
of spreading, as shown by the orientation of abys-
sal hills and by our study of the FT2 and its
surroundings (Section 2.2.1). This reorientation
of the spreading system is probably responsible
for transpression along right-stepping transforms
that caused sea£oor fabric on the east side of FT1
to curve towards the ridge axis [30,31].

2.2.3. Signi¢cance of transform faults FT1 and
FT2

The similarity between morphologies of the
faults FT1 and FT2 suggests that both result

from the same spreading history, i.e. a former
V100‡ right-stepping spreading axis that under-
went a counter-clockwise rotation of V20‡ about
3 Ma before the end of spreading if considering a
half-spreading rate of V2 cm/yr during the last
spreading phase [1].

2.3. Morphology of the second-order
discontinuities

There is no signi¢cant segmentation of the rift
axis east of FT2 (Fig. 3). However, on both sides
of the rift axis, several sinuous valleys interrupt
the sea£oor fabric every 50 R 20 km. These valleys
are 10^30 km wide and at least 110 km long. They
globally trend N^S (Figs. 3 and 5). Their orienta-
tion slightly changes together with the spreading
fabrics always remaining at a right angle with
them. Their morphology is similar to the non-
transform discontinuities (NTDs) observed along
the Mid-Atlantic Ridge [32,33]. The o¡set of the
spreading axis along them varies from 0 to 30 km.
Spreading segments limited by NTDs are 50 R 30
km in length. According to the hypothesis that
each spreading segment is the locus of focused
mantle upwelling (e.g. [18,34,35]), their length is
dependent on the quantity of injected magmas
and then is likely to vary as a function of the
magmatic budget [36]. Spreading segments that
are bordered by NTDs may thus have their length
varying with time [33,37]. This is what we observe
near the WPB spreading axis.

It should be pointed out that NTDs on both
sides of the rift valley do not exactly face each
other, but are o¡set right-laterally by about 30^
40 km. This cannot be explained simply by a basic
N^S spreading phase. Section 4.2 will be devoted
to the analysis of NTDs’ arrangement.

2.4. Evolution of the spreading processes

The gradual rotation of abyssal hills in con-
junction with the reorientation of TFs and
NTDs that remain perpendicular to them suggests
a rotation of the spreading axis during spreading,
with respect to the lithosphere that has been pre-
viously formed. Hundred kilometers away from
the present rift axis, the spreading direction was
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V10‡E and gradually changed to V10‡W close
to the axis, i.e. at the end of spreading. This con-
clusion rests on the hypothesis that the spreading
direction is perpendicular to the trend of sea£oor
fabric. This is reasonable since abyssal hills al-
ways remain perpendicular (within V5‡) to the
spreading direction even in the case of oblique
rifting as observed along the Reykjanes and
Mohns ridges (Norwegian Sea) [38,39], and also
along the Gulf of Aden rift [40].

The morphology and spacing of abyssal hills
indicate that spreading occurred at an intermedi-
ate to slow rate. Their increasing height and spac-
ing toward the spreading axis reveal a slowing
down of the spreading rate synchronous with a
decreasing magma supply. These conclusions are
based on the comparison of the morphologic
characteristics of abyssal hills in the West Philip-
pine Basin with other similar structures observed

along other well-known spreading axes. For ex-
ample, abyssal hills formed along the slow Mid-
Atlantic Ridge are 400 to more than 1000 m high,
with a spacing that varies from 2.5 to 9 km, de-
pending on the location of the bathymetric pro¢le
in the middle or extremity of a spreading segment
[41]. Another study of the intermediate spreading
of Ecuador Rift reveals 50^150-m-high and 1.5-
km-spaced abyssal hills [42]. The rate of spreading
deduced from the morphology of abyssal hills cor-
relates with values proposed by Hilde and Lee for
the WPB [1].

The presence of NTDs east of FT2 is consistent
with a slow rate of spreading and a reduced mag-
ma supply, according to the hypothesis of Sloan
and Patriat [37] and Detrick et al. [36]. It also
indicates that spreading segments were only
slightly o¡set (6 30 km) during this last episode
of spreading.

Fig. 7. Sketch showing the evolution of the West Philippine Basin axis during its last 100 km of activity. FT1: transform fault 1;
FT2: transform fault 2; NB: nodal basins de¢ned by the deepening of the rift valley when approaching the transform fault. For
explanations see Section 4.1.

EPSL 6374 25-9-02 Cyaan Magenta Geel Zwart

A. Deschamps et al. / Earth and Planetary Science Letters 203 (2002) 277^293286



3. Morphology of the rift valley

3.1. A deep valley cutting across the spreading
fabric in the eastern basin

East of 129‡30PE, the spreading axis is ex-
pressed by a continuous deep valley that trends
V140‡, but gradually turns to a V110‡ orien-
tation near the Palau-Kyushu Ridge (PKR)
(Figs. 3 and 5) [12]. The valley is 20^30 km
wide and V6500 m deep on average. It locally
reaches 7900 m (129‡45PE/16‡55PN) (Fig. 5).
When approaching the PKR, it shallows at
V5800 m. The valley is bordered by scarps re-
lated to normal faults active during extensional
processes at the rift axis. Their height increases
from east to west as the valley deepens: the ver-
tical o¡set is often V500 m in the vicinity of the
PKR (at 133‡E) and frequently more than 2500 m
near 129‡340PE (Fig. 3). West of 132‡30PE, scarps
cut the o¡-axis spreading fabric straight (see
a, b, c in Fig. 5). The width of the area where
scarps and abyssal hills parallel the rift valley is
very limited, and rarely exceeds V15 km on each
side.

3.2. NW^SE faults interrupt the rift valley in the
central basin

In the central part of the basin, the general
trend of the rift valley is V100‡ (Figs. 2 and 4).
Its depth is 5600 m on average. It reaches 6600 m
at the bottom of the nodal basins close to FT1
and FT2. Unlike in the eastern part of the basin,
the scarps bounding the rift valley parallel the
V80‡-trending o¡-axis spreading fabric and do
not cut through it.

Between FT1 and FT2, the rift valley and o¡-
axis spreading fabric are partially interrupted by
V140‡-trending linear fault scarps (Figs. 2 and
4). These faults can be followed over distances
of 10^50 km. The vertical o¡set along the scarps
reaches V1200 m, suggesting that normal move-
ment has occurred along them. A small amount
(V20 km in total) of dextral strike-slip faulting
most likely occurred along these fault planes since
they only slightly o¡set the rift valley right-later-
ally. These scarps delineate areas with contrasting

reliefs (see a, b in Fig. 4) similar to inside corner
highs which are commonly observed on the trans-
form sides of rift valleys [5]. This suggests that the
activity of these faults started when spreading was
still occurring from the V80‡-oriented spreading
axis.

Finally, the movement that occurred along
V140‡ fault planes during the last 50 km of
V10‡W-directed opening resulted in a gradual
dextral o¡set of the former V80‡ rift valley and
in the creation of a di¡use V140‡-oriented valley
in the central part of the WPB (Fig. 4).

4. Discussion: Modalities of spreading during the
last spreading phase

4.1. Signi¢cance of the NW^SE orientation of
faults and rift valley

In the eastern part of the basin, the rift valley
trends highly obliquely (V140‡) to the o¡-axis
spreading fabric (V80‡) (Section 3.1). In our in-
terpretation, the present-day structure results of a
brutal jump and a reorientation of the spreading
axis (Fig. 7). There is only indirect evidence for
the existence of the former V80‡ spreading seg-
ments, as e.g. the V80‡ orientation of o¡-axis
abyssal hills, the V10‡W trend of the NTDs,
and the remnant nodal basin NB4. We rule out
the hypothesis of oblique rifting (Fig. 8) to ex-
plain the obliquity between the rift valley and
the former spreading fabric, based on several rea-
sons: (1) abyssal hills are linear and continuous
over important distances, but should be less long
(6 20 km) and sigmoidal, en echelon or intercon-
nected in case of oblique rifting (Section 2.1) [38],
(2) the V140‡ rift valley abruptly cuts across the
V80‡ spreading fabric, and (3) in some areas
(near 130‡E), spreading should have occurred
with V50‡ of obliquity during the formation of
at least 80 km of sea£oor, in case of oblique rift-
ing (Fig. 8). Examples of such a high obliquity
during such a long duration of opening have
never been described. This type of system, if it
exists, is supposed to be unstable and to evolve
rapidly toward a more stable con¢guration, i.e.
the formation of a new spreading axis perpendic-
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ular to the opening direction [39], which is not
what we observe.

We propose that a last phase of VNE^SW ex-
tension occurred in the eastern part of the basin
from a newly-created NW^SE rift valley replacing
the former E^W one. The important depth of the
new valley and the great height of fault scarps
that bound it indicate that tectonic processes
have predominated over magmatic processes dur-
ing this last event. The reduced width of the sea-
£oor strip displaying structures parallel to the new
axis (Section 3.1) favors a short-lived event. In the
central part of the basin (between FT1 and FT2),
the same processes occurred but to a lesser extent.
In this area, the V140‡ faults that cut across the
V80‡ former rift are most likely related to tec-
tonic events that led to the creation of the new
NW^SE rift valley observed further to the east.
Movements along the V140‡ fault planes did not
result here in the genesis of a well-marked and
deep valley (Fig. 7). It seems therefore that the
tectonic e¡ects of the last NE^SW extension epi-
sode varied in space: the activity of the V140‡
faults resulted in the creation of a new NW^SE
rift valley followed by VNE^SW extension in the
eastern part of the basin. Further to the west,
bathymetric features do not evidence such a

strong extension episode. This may reveal scissors
opening with the new NW^SE axis viewed as rift
propagating from east to west.

In the easternmost part of the basin, the newly-
created rift valley displays a V110‡ trend. East of
132‡30PE, its associated sea£oor structures do not
cross cut the o¡-axis abyssal hills (Section 3.1). A
late stage of VNE^SW extension probably also
occurred in this area as shown by the obliquity
between the rift valley and the o¡-axis spreading
fabric. However, we suggest that in the central
part of the basin, the former spreading axis was
abruptly cut across by the new NW^SE rift valley
whereas, in its easternmost part, the weak and hot
zone that characterized the former spreading axis
was partly re-used to accommodate the VNE^
SW opening obliquely.

4.2. Characteristics of the displacement along the
newly-created NW^SE rift valley and faults

We have shown how the NW^SE faults ob-
served in the vicinity of the spreading axis under-
went normal movements leading to the creation of
a more or less developed NW^SE rift valley, de-
pending on the location (Section 4.1). In the cen-
tral part of the basin, V20 km of right-lateral
displacements possibly occurred along the NW^
SE faults (Section 3.2) (Fig. 2). This suggests
that the last stage of extension occurred slightly
obliquely to these fault planes. In the eastern part
of the basin, NTDs on both sides of the rift valley
seem to be dextrally o¡set (Section 2.4). We thus
infer that extension that occurred along the
newly-formed NW^SE rift valley in this part of
the basin was also slightly oblique. We ‘closed’
the basin perpendicularly to the NW^SE struc-
tures associated with the last VNE^SW exten-
sional event, such that we can observe the former
location of NTDs before the new NW^SE axis
was created (Fig. 9). We selected landmarks
such as NTD valleys or bathymetric highs that
stand on both of its sides and whose morphology
suggests they could have a common origin. Fi-
nally, when the basin is closed following a direc-
tion at a right angle to the NW^SE faults associ-
ated with the new valley, the respective locations
of landmarks indicate that they remain dextrally

Fig. 8. Sketch quantifying the obliquity of spreading in case
of oblique spreading. For explanations see Section 4.1.

EPSL 6374 25-9-02 Cyaan Magenta Geel Zwart

A. Deschamps et al. / Earth and Planetary Science Letters 203 (2002) 277^293288



Fig. 9. Quanti¢cation of the right-lateral o¡set of the sea£oor on both sides of the newly-formed rift valley. NTD: non-transform discontinuity. Lines indicate the
path between two similar features located on both sides of the valley. Red lines indicate paths between reliable markers. Yellow lines show paths connecting less
trustworthy topographic reliefs. For details see Section 4.2.
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o¡set by a distance of 15^18 km (Fig. 9). The
extension that occurred from the new NW^SE
rift valley and along its associated fault planes
was thus slightly oblique following a V60‡ direc-
tion (Fig. 7).

4.3. When did the last NE^SW extension episode
take place?

The V10‡W spreading phase had not ¢nished
yet when activity began along the NW^SE faults
in the central part of the WPB (Section 4.2). We
suggest that the V60‡ extension event began dur-
ing the end of the spreading in the WPB at V33/
30 Ma [1,3,7]. We cannot estimate its exact dura-
tion, but 28^26 Ma ages determined on basalts
from the rift walls [5] could be related to magma
emplacement during this event. The V60‡-di-
rected episode of the opening therefore most
likely lasted for several millions of years from
33/30 Ma to 26 Ma.

4.4. Possible cause of the last event along the WPB
spreading axis

The occurrence of a VNE^SW episode of ex-
tension shortly after the V10‡W phase of spread-
ing reveals an important and abrupt change in the
stress pattern within the WPB and its margins.
Before 33 Ma, the WPB was subjected to exten-
sive stresses transmitted from its northeastern
boundary because of the westward subduction
of the old Paci¢c Plate along the Palau-Kyushu
Ridge [2,3,7]. The 33/32 Ma period corresponds
to the incipient collision between the northern
part of the Philippine Arc with rifted fragments
of the Eurasian continental margin [43]. This col-
lision led to a compressive episode along the west-
ern margin of the basin, to the uplift of the Gagua
Ridge (Fig. 1) and to a short subduction episode
of the WPB beneath East Luzon [44]. This last
subduction episode resumed at V30 Ma, due to
incipient subduction along the Manila Trench
[43]. A change in the relative motion of the Paci¢c
Plate is also inferred at V33 Ma, based on a
study of fracture zones, magnetic anomalies and
hotspot chains [45,46]. This change probably ini-
tiated rifting in the Japan Sea and in the Parece-

Vela and Shikoku basins since the Late Oligocene
[47,48].

We suspect that the end of the V10‡W phase
of spreading as well as the last VNE^SW exten-
sive event are related to both Early Oligocene
tectonic events mentioned above. Since V33
Ma, the western boundary of the WPB has con-
stituted a locked boundary while extensive con-
straints related to incipient E^W rifting in the
Parece-Vela Basin were probably transmitted
since V30 Ma to the former WPB spreading
axis which constituted a hot zone of weakness.
A late stage of oblique opening occurred and
probably ceased when organized spreading started
at V26 Ma in the Parece-Vela Basin [48], that
means when its opening began to fully accommo-
date the global extensive stresses.

4.5. Possible causes of the spatial variation of the
last NE^SW extension event

The last phase of VNE^SW extension led to
the creation of a new rift valley followed by exten-
sional deformation in the eastern part of the WPB
whereas, in its central between FT1 and FT2, it
only led to the formation of a less well-de¢ned
valley. We propose two explanations for such a
variation in space of this last event:

1. In the western part of the WPB, the presence
of an active hotspot during spreading most
likely caused the lithosphere to be hotter and
characterized by a shallow depth of the brittle^
ductile transition with respect to the eastern
part of the basin. Then, in the western part
of the basin, extensive stresses related to the
VNE^SW event were accommodated in a dif-
fuse pattern within an easily deformable litho-
sphere. This is con¢rmed by the existence of
syn-volcanic pull-apart structures further to
the west between 127‡30PE and 128‡E [4] that
show that transtension also occurred in this
area and was accommodated by almost ductile
deformation.

2. We showed in Section 4.4 that the late VNE^
SW extension episode probably originated
from the eastern side of the basin. This led
possibly to scissors opening with the new
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NW^SE rift that propagates from east to west.
Thus, it could be explained why associated
structures are better developed in the eastern
part of the basin than in its western part.

5. Conclusion

New data collected in the vicinity of the West
Philippine Basin spreading axis make it possible
to de¢ne more accurately the anatomy and func-
tioning of the fossil spreading axis during its last
million years of activity. They reveal that mag-
matic and volcanic activity within the basin did
not resume simply during a last stage of N^S
spreading as previously inferred, but after a last
event of slightly oblique amagmatic extension
along a newly-created NW^SE rift valley.

Several million years before the end of the
spreading, opening occurred along a V10‡ direc-
tion from a right-stepping V100‡-trending axis at
an intermediate spreading rate (Fig. 7). About
3 Ma before the cessation of spreading at V33/
30 Ma, the spreading system underwent a coun-
ter-clockwise rotation with respect to the previ-
ously formed lithosphere. The orientation of the
spreading axis segments became E^W and then
V80‡. This rotation of the spreading system has
been registered in the morphology of the trans-
form faults and surrounding sea£oor reliefs. The
rate of spreading synchronously diminished signif-
icantly. The height and spacing of abyssal hills
increased. Non-transform discontinuities devel-
oped in the eastern part of the basin.

Shortly before the end of spreading, a transten-
sional movement occurred along NW^SE-ori-
ented faults cutting across the V80‡ segments of
the former spreading axis. In the central part of
the basin, activity of these faults led to the crea-
tion of a di¡use NW^SE valley. In the eastern
part of the basin, a well-expressed valley bordered
by up to 2.5-km-high escarpments was created
and an episode of VNE^SW extension occurred
slightly obliquely to the NW^SE faults. This epi-
sode was brief, if compared to the long Early
Eocene to Early Oligocene spreading history of
the WPB. It was also characterized by a low sup-
ply in magma. The transtensional deformation

most likely contributed to the deepening of the
deformation zone, explaining the great depth of
the rift valley. The westward propagation of the
new rift valley is responsible for scissors opening.
The resulting deformation is thus subtler in the
western part of the basin, even more so since ex-
tensive stresses were accommodated in this area
by more ductile deformation due to the higher
thermicity of the lithosphere.

The late VNE^SW extension event occurred
sometime between 33/30 and 26 Ma. It is most
likely related to a major change in the regional
tectonic setting of its boundaries, i.e. the locking
of the western boundary of the WPB whereas its
eastern boundary was subjected to extensive
stresses related to incipient E^W rifting in the
Parece-Vela Basin since V30 Ma. The deforma-
tion probably ceased due to the onset of well-or-
ganized spreading at V26 Ma in this last basin.
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